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® Electrochemical removal of hypochlorites from chlorate cell liquors. 

® Hypochlorite present in cell liquor or other aque- 
ous chlorate solution is reduced electrolytically in the 
presence of dichromate using a high surface area 
cathode having a three-dimensional electrolyte-con- 
tacting surface. An electrode potential more positive 
than -1 volts Vs. SCE is applied to the cathode. 
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ELECTROCHEMICAL REMOVAL OF HYPOCHLORITES FROM CHLORATE CELL LIQUORS 



. The present invention relates to the treatment 
of cell liquors from the electrolytic production of 
chlorates. 

Chlorates are produced electrolytically by the 
electrolysis of an aqueous solution of the corre- 
sponding chloride in a diaphragm less cell between 
anode and cathode electrodes. Sodium chlorate is 
the most common product produced by such pro- 
cess. The process involves the intermediate forma- 
tion of hypochlorite ions (OCI") which undergo de- 
composition to the chlorate Ion (GOT). 

Hexavalent chromium ions, usually Introduced 
in the form of sodium dichromate, are present in 
the cell to prevent the reduction of the hypochlorite 
ions at the cathode, and the consequent loss of 
efficiency which otherwise would result. As a result, 
however, the sodium chlorate solution contains 
small amounts of hypochlorite ions, which need to 
be removed before the sodium chlorate solution 
enters the crystallizer, wherein sodium chlorate is 
recovered in crystalline form, or a storage area for 
later shipment as "cell liquor". 

The removal of hypochlorite, commonly termed 
"dehypoing", usually is effected by heating the cell 
liquor in a dehypo tank to remove the bulk of the 
hypochlorite by conversion to chlorate, with further 
removal being effected by treatment of the heated 
solution with urea or similar chemical. The chemi- 
cal dehypoing process is time consuming, which 
introduces storage problems and capital expen- 
diture. In addition, there have been reports of ex- 
plosions when urea has been used. 

The present invention provides a novel de- 
hypoing process which permits electrolytically-pro- 
duced aqueous chlorate solutions, usually sodium 
chlorate, to be dehypoed continuously. The inven- 
tion is based on the surprising discovery that hy- 
pochlorite ions may be reduced electrochemically 
to harmless chloride ions despite the potential in- 
hibitive action of the dichromate ions which are 
present. 

In accordance with the present invention, there 
is provided a method of removing hypochlorite 
("hypo") from an aqueous chlorate solution formed 
by electrolysis of an aqueous solution of a cor- 
responding chloride in the presence of hexavalent 
chromium and which produces hypochlorite as a 
by-product, which comprises reducing the hypo- 
chlorite to chloride Ions using a cathode polarized 
with an electrode potential more positive than -1 
volt as compared with a saturated calomel elec- 
trode (SCE) and more negative than the open cir- 
cuit potential under the prevailing conditions. Re- 
moval of hypochlorite usually is substantially com- 
pletely effected, although any desired residua) con- 



centration may be achieved, depending on the ; 
length of time for which the electrolytic treatment is * 
effected. The electrode potential of the electrode - 
refers to the solution potential measured at the 

5 current feeder, in analogous manner to a flat plate 
electrode. A three-dimensional electrode, such as 
employed herein, inherently has a distribution of 
potential within the structure and the actual poten- 
tial will depend on the location of determination and 

10 may be more negative than -1 volt. 

Figure 1 is a graphical representation of the 
voltammetric reduction of Cr(VI) and "hypo". 

As noted earlier, it is common practice to add 
hexavalent chromium ions to the brine feed to a 

is chlorate cell, so as to inhibit electrochemical reduc- 
tion of hypochlorite at the cathode. The mechanism 
whereby the hexavalent chromium inhibits cathodic 
electrochemical reduction of hypochlorite is thought 
to involve electrochemical reduction of the hex- 

20 avalent chromium to trivalent chromium, which then 
deposits on the cathode as chromium hydroxide 
and significantly decreases the reduction current of 
non-cationic species, for example, hypo. The prod- 
uct cell liquor contains the hexavalent chromium 

25 ions. Removal of hypochlorite from the product cell 
liquor by electrochemical means, therefore, would 
not appear to be viable. 

However, the applicants have found that if the 
electrode potential applied to a cathode is more 

30 positive than -1 volts vs. SCE and more negative 
than the open circuit potential, then rapid and effi- 
cient cathodic electrochemical reduction of hypo- 
chlorite can be effected in the presence of dis- 
solved hexavalent chromium. The reason that this 

35 does not occur in the chlorate cell and the chro- 
mium inhibits hypochlorite electrolysis is that the 
cathode potential is much more negative in the 
chlorate cell. The open circuit potential under a 
prevailing set of conditions varies, depending on 

40 the pH of the aqueous solution and the concentra- 
tions of hypochlorite and hexavalent chromium ions 
in the aqueous solution. 

The process is most advantageously carried 
out under mildly acid pH conditions, usually in the 

45 range of about 4 to about 7, whereat the hypochlo- 
rite exists mainly as HOCI. The pH of the medium 
is the pH of the solution as ft enters the electrode. 
Locally highly negative electrode potentials in the 
electrode may cause the pH to exceed about 7, 

so although this will not affect the overall effectiveness 
of the process. 

The electrode employed as the cathode prefer- 
ably is one having a high surface area and a three- 
dimensional electrolyte-contacting surface. The 
term "high surface area" in relation to the cathode 
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refers to an electrode of the type wherein the 
electrolyte is exposed to a large surface area of 
electrode surface in comparison to the physical 
dimensions of the electrode. The electrode is 
formed with interstices through which the elec- 
trolyte flows, and so has a three-dimensional sur- 
face of contact with the electrolyte. 

The high surface area cathode used in this 
invention may be the so-called "flow through" type, 
wherein the electrode is formed of electroconduo 
tive porous material, for example, layers of elec- 
troconductive cloth, and the electrolyte flows 
through the porous structure while being subjected 
to electrolysis, and thereby is exposed to the high 
surface area of the mesh of the electrode. 

The high surface area cathode used in this 
invention also may be the so-called "flow by" type, 
wherein the electrode comprises a packed bed of 
individual electroconductive particles and the elec- 
trolyte flows through the packed bed while being 
subjected to electrolysis, and thereby is exposed to 
the high surface area of the electroconductive par- 
ticles in the packed bed. 

The high surface area of the cathode permits 
the electrolyte to contact the cathode for an ex- 
tended period of time. 

This extended period of contact results in rapid 
reduction of the hypochlorite to chloride ions. The 
reduction of hypochlorite may be selective, that is, 
hypochlorite is removed while the hexavalent chro- 
mium remains electrolytically substantially unaffect- 
ed, or, simultaneously with the reduction of hy- 
pochlorite, hexavalent chromium is electrolytically 
reduced to trivalent chromium which deposits on 
the electrode surface as chromium hydroxide, de- 
pending on the conditions of operation and the 
nature of the electrode employed. 

As is well known to those skilled in the elec- 
trochemical art, the overpotential of an electrode 
towards the electrochemical reaction Cl 2 — CI" re- 
fers to the relationship of the potential applied to 
the electrode compared to the equilibrium potential 
required to sustain the electrochemical reaction at 
a reasonable rate, if the electrode potential is close 
to the equilibrium potential, then the electrode is 
considered to have a "low" overpotential while, If a 
much more negative potential is required to 
achieve the practical reduction rate, then the elec- 
trode is considered to have a "high" overpotential. 

In the case where the cathode has an elec- 
troconductive surface formed of a material which 
has a low overpotential to the electrochemical reac- 
tion CI2 CI", selective electrolytic removal of 

hypochlorite is possible at an applied electrode 
potential of approximately 0.5 volts vs. SCE. Such 
low overpotential materials are known and are used 
to construct the so-called "dlmensionally-stable" 
electrodes. Such electrodes usually comprise a 



substrate formed of titanium, zirconium, tantalum or 
hafnium, with an electroconductive coating of a 
precious metal, for example, platinum; a precious 
metal alloy, for example, a platinum-iridium alloy; a 

6 metal oxide, for example, ruthenium oxide; mix- 
tures of two or more of such materials; or a 
platinate, for example, lithium platinate or calcium 
platinate. Any of such electroconductive materials 
may be employed to provide the electroconductive 

10 surface. A platinum surface typically has an over- 
potential to the CWC\" reaction of about 40 mV. 
Other suitable electrode materials also can be 
used. 

In the case where the cathode has an elec- 
ts troconductlve surface formed of a material which 
has a high overpotential toward the electrochemical 
reaction CiyCI", for example, carbon which has an 
overpotential of 0.5 v, a more negative potential is 
required, approximately 0 volts vs. SCE, at which 
20 potential electrolytic reduction of both hypochlorite 
and hexavalent chromium occurs. 

Electrochemical reduction of hexavalent chro- 
mium to trivalent chromium, which precipitates on 
the surface of the cathode as chromium hydroxide, 
25 occurs at a much lower rate than electrochemical 
reduction of hypochlorite and, with the high surface 
area available for deposition of the trivalent chro- 
mium, sufficient exposed cathode sites remain to 
enable the hypochlorite reduction to be effected. 
30 The specific surface areas and conditions of 
operation of the electrolytic cell depend on the 
concentrations of hypochlorite and dichromate 
present and the physical form of the electrode. 
Depending on cell capacity, the electrolyte may be 
35 circulated a number of times through the high 
surface area cathode to remove the hypochlorite. 

For a packed bed cathode using electrocon- 
ductive particles, the surface area usually varies 
from about 50 to about 500 sq.cm/cc, preferably 
40 about 100 to about 200 sq.cm/cc. 

The flow rate of catholyte in contact with the 
high surface area cathode may vary widely and 
generally the linear catholyte flow rate is about 10 
to about 1000 cc/min. Faster flow rates lead to a 
45 more rapid removal rate with respect to hypochlo- 
rite. 

In addition to electrochemical removal of hy- 
pochlorite in the method of the present invention, 
some hypochlorite is removed by chemical reac- 

so ton with the electrochemically-deposited chromium 
hydroxide, thereby forming chlorides from the hy- 
pochlorite and Cr(VI) from the Cr(lll). 

The electrolytic cell In which the hypochlorite 
removal is effected in accordance with this inven- 

55 tion may have any desired construction. Preferably 
it is constructed to be consistent with the preferred 
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processes wherein the cathode has a high surface 
area, so as to provide a long flow path for the 
catholyte in contact with a three-dimensional net- 
work of electrode surface. 

The cell may be provided with a separator, for 
example, an ion-exchange membrane, usually a 
cation-exchange membrane, separating the anode 
compartment from the cathode compartment, so as 
to prevent interaction of gases produced at the 
anode and the electroreduction at the cathode. 
With a divided cell, fresh brine may be fed to the 
anodic compartment with the effluent therefrom 
then passing to the chlorate cells. 

The anode of the cell may be constructed of 
any desired material, for example, graphite or met- 
al. For a membrane-divided cell, the anolyte may 
be any desired electrolyte and typically comprises 
an acidic medium. The flow rate of anolyte through 
the anode compartment may vary widely and typi- 
cally is about 10 to about 100 cm/min. 

The hypochlorite-contaminated sodium chlorate 
solution is passed through the cathode compart- 
ment, wherein the hypochlorite ions are cathodical- 
ly reduced to chloride ions and hydroxyl ions, 
resulting in an increased pH. Acid may be added, 
intermittently or continuously, to control the pH in 
the catholyte, preferably in the range of about 5.5 
to 6.5. The temperature of the electrolytic process 
is not critical, although higher removal rates of 
hypochlorite occur at high temperatures. • 

The voltage which is applied between the an- 
ode and cathode to provide the desired electrode 
potential depends on the materials of construction 
of the cathode and anode as well as cell design but 
generally is less than about 2 volts. 

The hypochlorite concentration of the cell li- 
quor, generally ranging from about 0.1 to about 5 
g/L, preferably about 0.3 to about 1.5 g/L, is rapidly 
decreased to below 0.05 g/L The rapid nature of 
the electrolytic reduction enables the hypochlorite 
to be reduced continuously and on line, hence 
eliminating the need for chemical addition and long 
term reactions and storage. 



Examples 
Example 1 

Voltammeric studies were effected on two dif- 
ferent aqueous solutions having a pH of about 6.5, 
namely one containing about 1.3 g/L of hypochlo- 
rite and about 1.5 g/L of sodium dichromate and a 
second aqueous solution containing no hypochlo- 
rite and about 8 g/L of sodium dichromate, using a 



platinum disc electrode having a surface area of 
0.196 cm 2 . The reduction current was plotted 
against the applied potential for each solution and 
the results are reproduced as Figure 1 . 

s It will be seen from this data that the potential 

at which hypo reduction occurs is quite different 
from that at which chromium (VI) reduction occurs 
with the low overvoltage platinum material. It Is also 
seen that the rate of reduction (i.e. a reduction 

10 current) is about 100 times higher for hypo than for 
chromium (VI). 



Example 2 

15 

A series of experiments was conducted using 
an electrolytic cell dimensioned 2" x 2.5 * 2" - 
(depth) and divided into an anode compartment (of 
volume approximately 0.015 dm 3 ) and- a cathode 

20 compartment (of volume approximately 0.5 dm 3 ) by 
a cation-exchange membrane of the "NAFION" 
(Trademark of Du Pont) type. The cathode com- 
partment was packed with graphite particles 
("UCAR.A-20 tt (Trademark of Union Carbide Cor- 

25 poration)) of mean diameter 1.5 mm. The anode 
was platinized titanium. Current was provided to 
the cathode bed by means of a graphite plate 
distributor. 

The cathode compartment was fed with an 

30 aqueous cell liquor containing 600 g/L sodium 
chlorate, 100 g/L sodium chloride and a varying 
concentration of hypochlorite up to 2 g/L Sodium 
dichromate also was present in a concentration of 
3.0 g/L. The flow rate of catholyte was varied 

35 between 30 and 120 mL/min. The temperature of 
the catholyte was varied between 25° and 60°C. 
Most experiments were conducted with the pH of 
the catholyte maintained in the 5.5 to 6.5 region by 
the addition of 1N HCI. the anode compartment 

40 was fed with brine having a concentration of 150 
g/L at a flow rate of 60 mL/min. 

The electrolyses were carried out in an ap- 
proximately constant voltage mode using a stan- 
dard current supply equipment (Hewlett Packard 

45 6024 A DC power supply). The voltage was usually 
varied in the 1 .8 to 2.0 V range. The corresponding 
current was in the 2 to 4 A range (giving a superfi- 
cial current density of 200 to 400 A/m 2 ). 

During the experiments, samples of catholyte 

so were frequently taken and analyzed for hypo con- 
tent using the standard arsenite method. The re- 
sults of the tests conducted are set forth in the 
following Table 1 . 

55 
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TABLE 1 

ELECTROLYTIC REMOVAL OF HYPO FROM THE CHLORATE CELL LIQUOR 
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As may be seen from the results in Table 1, 
hypochlorite can be rapidly removed from chlorate 
cell liquor by electrolysis. Both high temperature 
and flow rate generally have a beneficial effect on 
the hypo removal process. 

In summary of this disclosure, the present in- 
vention provides a novel process of removing hy- 
pochlorite from cell liquor containing sodium di- 
chromate. The hypo removal is effected rapidly 
and electrolytically, enabling on-line continuous 
processing to be effected. Modifications are possi- 
ble within the scope of this invention. 



Claims 

1. A process for reducing the concentration of 
hypochlorite ions In an aqueous solution thereof In 
the presence of hexavalent chromium ions which 
comprises electrolytically reducing hypochlorite ion 
using a cathode polarized with an electrode poten- 
tial more positive than -1 volt as compared with a 
saturated calomel electrode (SCE) and more nega- 
tive than the open circuit potential under the pre- 
vailing conditions, 

2. A process according to claim 1, charac- 
terised in that the solution is formed the by elec- 
trolysis of a chloride in the presence of hexavalent 
chromium ions. 

3. A process according to either of claims 1 or 
2, characterised in that said aqueous solution has a 
pH of from 4 to 7. 

4. A process according to any of claims 1 to 3, 
characterised in that said cathode is in the form of 
a high surface area electrode having a three-di- 
mensional electrolyte-contacting surface. 

5. A process according to any of claims 1 to 4, 
characterised In that said electrode is constructed 
of material having a low overpotential to the elec- 
trochemical reaction Cfe CI" and said electrode 
potential is at a value such that said hypochlorite is 
reduced while said hexavalent chromium remains 
electrolytically substantially unaffected. 

6. A process according to either of claims 4 or 
5 characterised In that said high surface area elec- 
trode has a surface constructed of an electrocon- 
ductive metal, alloy or compound thereof. 

7. A process according to claim 5, charac- 
terised in that said electrode potential is approxi- 
mately + 0.5 volts vs. SCE. 

8. A process according to any of claims 4 to 7, 
characterised in that said high surface area elec- 
trode is constructed of a material having a high 
overpotential to the electrochemical reaction Cb 
CI" and said electrode potential is at a value such 
that said hexavalent chromium is electrolytically 



reduced to bivalent chromium and is deposited on 
the electrode surface while the hypochlorite is re- 
moved. 

9. A process according to claim 8 charac- 
5 terised in that said high surface area electrode has 

a surface constructed of carbon. 

10. A process according to either of claims 8 
or 9 characterised in that said electrode potential is 
approximately 0 volts vs. SCE 

to 11. A process according to any of the preced- 
ing claims, characterised in that a substantially 
constant voltage is applied between the cathode 
and an anode during said electrolytic reduction. 

12. A process according to claim 11, charac- 
75 terised in that, the applied voltage between the 

anode and the cathode is less than about 2 volts. 

13. A process according to either of claims 11 
or 12, characterised in that the aqueous solution 
has a pH of no more than 7. 

20 14. A process according to any of the preced- 
ing claims characterised in that said cathode is 
located in a cell having a membrane separating an 
anode compartment from a cathode compartment. 

15. A process according to any one of the 
25 preceding claims, characterised in that said aque- 
ous solution contains about 0.1 to about 5 g/L of 
hypochlorite and the concentration is decreased to 
below 0.05 g/L. 

16. A process according to claim 15, charac- 
30 terised in that said aqueous solution contains about 

0.3 to about 1.5 g/L of hypochlorite and the con- 
centration is decreased to below 0.05 g/L. 
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